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STABLE LIQUID FORMULATIONS OF BOTULINUM TOXIN 



Field of the Invention 

The invention relates to therapeutic formulations of botulinum toxin that are stable 

to storage in liquid form at 0-1 0°C for periods of at least one to two years. 
References 

10 Consky, E.S., Lang, A.E. (1994) In: Therapy with, Botulinum Toxin. Jankovic, J and 
Hallet M eds. Marcel Dekker, Inc., New York. 
Frankel, A.S., and Kamer, F. M. (1998) Chemical browlift. Arch. Otolaryngol. Surg. 
124(3): 321-323. 

Gartlan, M.G., and Hoffman, H.T. (1992) Crystalline preparation of botuhnum toxin type 
1 5 A (Botox): Degradation in potency with storage. Otolaryngology - Head and 

Neck Surgery 102(2): 135-140. 
Hambleton, P., Capel, B., Bailey, N, Heron, N.L, Crooks, A., Melling, J. (1981) 

Production, purification and toxoiing of Clostridium botulinum type A toxin. 
Biomedical Aspects of Botulism, Academic Press, NY. 
20 Hardman, J.G. and Limbird, L.E., Exec. Eds. (1996) Goodman & Gilman 's The 
Pharmacological Basis of Therapeutics, 9* Ed. McGraw-Hill, New Yoik. 
Hoffman, HT., and Gartlan, M.G. (1993) Stability of botulinum toxin in clinical use. 

Botulinum and Tetanus Neurotoxins (B.R. DasGupta, Ed.), Plenum Press, NY. 
Johnson, E.A., Goodnough, M.C., Borodic, G.E., (1997) U.S. Patent 5,696,077. 
25 Lachman, L., Lieberman, H.A., Kanig, J. L. (1986) The Theory and Practice of Industrial 
Pharmacy (3" 1 Ed), Lea & Febiger, Philadelphia 
Melling, J., Hambleton, P., and Shone, C.C. (1988) Clostridium botulinum toxins: nature 

and preparation for clinical use. Eye 2: 16-23. 
Physician 's Desk Reference, 51" Edition, 1997. ("PDR") Medical Economics Company, 
30 Inc, Montvale, NJ. 

Schantz, D. J. and Kautter, D.A. (1978) Standardized assay for Clostridium botulinum 

toxins, J Assoc. Off. Anal. Chem 61: 1. 
Simpson, L.L. (1993) The actions of clostridial toxins on storage and release of 
neurotransmitters. Natural and Synthetic Neurotoxins, A.L. Harvey, Ed., 
35 Academic Press Ltd., San Diego, pp. 277-3 1 7. 

Tsui, J.K.C. (1986), Lancet 2: 245-247. 



1 



PCT/US99/20912* 

WO 00/15245 

Background of the Invention 

Botulinum toxin is a polypeptide product of the anaerobic bacterium Clostridium 
botulinum. The toxin causes muscle paralysis in mammals by blocking presynapbc 
release of the neurotransmitter acetylcholine at the neuromuscular junction. While the 
5 toxin has long been associated with fatal botulism, in recent years it has been used 
therapeutically to treat certain involuntary muscle movement disorders including focal 
dystonias (such as strabismus, essential blepharospasm and hemifacial spasm), as well as 
segmental dystonias (such as torticollis, oromandibular dystonia, and spasmodic 
dysphonia) and spasticity. The toxin has also found utility in various cosmetic 
1 0 indications, such as non-surgical reduction of "frown lines"on the face as well as m the 
treatment of hyperhydrosis (excessive perspiration). 

Currently, there are two botulinum toxin (type A) preparations that are approved 
for therapeutic use in humans - "BOTOX®" (Oculinum®; Allergan Inc., Irvine, CA) and 
"DYSPORT®" (Spexwood Pharmaceuticals, Ltd.; U.K). Both these formulations are 
15 provided to clinicians in lyophihzed (freeze-dried) form for reconstitution just prior to 

Due to patient-to- P atient variations in dosage requirements, the dosage needed for 
any individual patient may vary considerably. Moreover, for certain indications, the 
clinician must administer only a small fraction of the contents of aprepared vial over a 
20 protracted period of time, which may be several hours. Although one published study 
has indicated that liquid botulinum toxin formulations can be re-frozen and thawed with 
substantial retention of activity (Schantz and Kautter, 1978), more recent studies 
assessing the activity of the reconstituted toxin have demons*** that "BOTOX®" loses 
at least 44-/0 of its potency when it is reconstituted and stored under standard refrigerator 
25 (approximately^) for 12 hours. Moreover, when the reconstituted formulation was 
stored in a sub-zero freezer at -70'C, it lost about 70% of its potency after two weeks 
(Gartlan and Hoffman, 1993). For these reasons, it is recommended that such 
compositions not be used later than 4 hours after reconstitution. This can result in a 
significant waste of drug and cost to the patient. 
30 There is therefore a need for a ready-to-use liquid formulation of botulinum toxin 

that can be conveniently shipped, stored and used as needed by the clinician. The present 
invention provides such a formulation. 
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Summary f the Invention 

The present invention is directed to stable liquid formulations of botulinum toxin for 
use in pharmaceutical preparations. The formulations of the present invention have the 
advantage that, unlike currently available formulations, they are stable in liqwd form 

5 duringstorageforprotractedperiodsoftimeCl year or longer) at standard refrigerator 
temperatures (approximately 4±2°C, or about 2-8'C, or, more generally, rangmg from 
about 0-10°C). in a related aspect, the formulations are stable in liquid form dunng 
storage at "room temperature" (about 25°, or more generally in the range of 10-30°) for at 
least six months. Such formulations are particularly useful in conditions in which 

0 reduction or inhibition of cholinergic nerve input to a region, particularly a muscle or 
muscle group, gland or organ is ameliorative. Examples of such conditions are descnbed 



herein. 



15 



20 



25 



30 



an. , 
In one aspect, the invention includes a stable liquid pharmaceutical formulation that 

includes isolated botulinum toxin and a buffer that is capable of providing a buffered P H 
range between about P H 5 and P H 6. According to this general embodiment, the toxm * 
mixed in a buffered liquid to form a liquid formulation which has a P H of between 5 and 
6 particularly between about pH 5.4 and P H 5.8, and preferably about pH 5.5-5.6. The 
resulting formulation is stable for at least one year, and as long as at least two years, at 
temperature ranging from about 0- 10°C, or for at least 6 months at higher temperatures, 
as described above. Generally, in accordance with the invention, any of the known 
botulinum toxin serotypes (e.g., serotypes A, B, C„ C, D, E, F, or G) or other serotypes 
having equivalent biological activity may be incorporated into formulations of the 
invention. In preferred embodiments, the botulinum toxin used in the formulate is 
botulinum toxin serotype A or B, isolated from Clostridium botulinum. 

In preferred embodiments, botulinum toxin Type B is present as a 700 kilodalton 
molecular weight complex in the formulation, at a concentration of about 1 00-20,000 
U/ml and particularly between about 1000-5000 U/ml. When Type A is used, it will 
generally bepresent at a concentration of about 20-2,000 U/ml, and particularly between 
about 100-1,000 U/ml. If combinations of different serotypes are used in the formulation, 
their useful dosage or concentration ranges can be determined in proportion to the dosages 
and concentrations exemplified herein, according to their respective biological actmt.es. 

Buffers that can be used in the formulation are physiological buffers that are 
considered safe for injection into mammalian tissue, particularly into humans. 
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Representative buffers include, but are not limited to phosphate, phosphate-citrate, 
succinate, acetate, citrate, aconitate, malate, and carbonate based buffer systems. 
Preferably, the formulation will also include an excipient protein, such as human serum 
albumin or gelatin. It is appreciated that equivalents of the foregoing exemplary buffers 
5 and excipient proteins will be recognized and utilized by persons having skill m the art. 
The toxin formulation of the invention may be packaged in any of a variety of containers 
or vials known in the art, while retaining its potency. 

In a related aspect, the invention includes a method of treating a patient in need of 
inhibition of cholinergic transmission, such cholinergic transmission to selected muscle or 
10 muscle group or to a specific gland region, such as sweat glands, or to a particular organ 
having cholinergic innervation. The invention also includes the use of the formulations of 
the invention in the preparation of a medicament for treating such indications. 

Examples of therapeutic and cosmetic indications that can be treated using the 
botulinum toxin formulation include, but are not limited to blepharospasm, strabismus, 
15 hemifacial spasm, otitis media, spastic colitis, anismus, urinary detrusor-sphincter 
dyssynergia, jaw-clenching, curvature of the spine, spasticity, such as spasticity due to 
one or more of the group consisting of stroke, spinal cord injury, closed head trauma, 
cerebral palsy, multiple sclerosis and Parkinson's disease, and dystonia (e.g., spasmodic 
torticollis (cervical dystonia), spasmodic dysphonia, limb dystonia, laryngeal dystonia, 
20 oromandibular (Meige's) dystonia). The formulation can also be administered to the 

perineum (perineal muscles) of a patient who is in the process of giving birth to a child to 
eause relaxation of such muscles. Exemplary cosmetic indications of the formulation 
include administration to muscles that produce wrinkles or furrowed brow. Other 
indications for the formulation include myofascial pain, headache associated with 
25 migraine, vascular disturbances, neuralgia, neuropathy, arthritis pain, back pain, 

hyperhydrosis, rhinnorhea, asthma, excessive salivation, and excessive stomach acid 

secretion. . t 

Particularly specified routes of administration of formulations of the invention mclude 

intramuscular, subcutaneous or iontophoretic administration. For example, in studies 
30 carried out in support of the present invention, botulinum toxin Type B was found 

effective in controlling cervical dystonia when administered intramuscularly in a divided 
or single daily dosage of between 5000-10000 Units. 
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Acco^ng Wa note re la,edasp^>hci»v OT Uonmcl»des m eft 0 d S of ttM tog 
patients who nave developed immeniry or resist .» a speeinc M*-. serotype w,th 
a aable ft*, formulanon that Modes another serotype. For example, a patent who IS 
refmctoty ro botulimnn toxin serotype A can be treated with a stable liquid fotmulaton 
; containing any of botolinom serotypes B, C„ C. D, & F or G, or a patient who ts 
reft aC»y «o bon.hn.nr toxin serotype B ean be tmated with a suble liqoid fomnlatton 
containing any of bonthnum sen-types A, C„ C„ D, E, F and G, to pnrvide renewed 



efficscy 

These and other objects and features of the invention will become more fblly 
,„ appamn, when me following demiled description of me mvendon is mad in cenjunaton 
with the accompanying drawings. 

Detailed Description of the Invention 

The present invention is concerned with stable liquid pharmaceutical botulinum toxm 
15 formulations and uses thereof. Currently, while botulinum toxin preparaUons are 

commercially marlceted for a variety of therapeutic and cosmetic applications, due to the 
lability of the active toxin ingredient in solution, formulations must be reconstituted from 
ivophilized ingredients which have stringent storage requirements. For example, 
"BOTOX®" is provided as a lyophilized powder, which must be shipped and stored m a 

solutionjust prior to use. FoUowmgre^nstimtion.itisreconmaendedthatthe 
formulation be administered to the patient within 4 hours, and that any reoonstrtuted 
product be refrigerated during this time (PDR, 1997); freezing and thawing of the 
reconstituted product is not recommended (Hoffman, 1993). 
25 The present invention provides a stable liquid formulation which contams 

botulinum toxin and which is stable as a liquid for at least one year at standard 
refrigerator temperatures and for at least six months at room temperature. Tins 
formulation is advantageous, because it does not require unusual storage or transport 
conditions and because it reduces the possibility of errors in dilution of the toxm winch 

30 could result in overdose. 

I. Definitions 
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As used herein, the term "aable" refess to retention of biologic*, activity or potency 
by a biologically active substance, specifically bohuinun. totdn, over a deBnerl or 

indefinite period of time. 

The.erm^o.ulinum.oain-rcfers.oabioh.gicallyactivepro^orproKm 

S complex, usually derived fiom me bacterium O^- * ™ »*» * 

my of a, leas, eight known distinct toxins (A, B, C„ C„ D, E, F and G), as 

mn . any addition* botuUnum toxins having m. same general ability - —« 
cbolmecgic neuron*—, which form the acdve molocu,.. Ophona. y, me mm, also 
Eludes a carrier protein that is afco derived from C and which complex 

waft, the active molecule, as described in ft*. DA herein. Bondmum .oxm surolypea 
^ re ,a,ed phannacologically, as discussed below, bu, arc inununo.ogrcally 
^gulshable. General.,, the active Ural, molecule has a molecular aiae of etween 
,bou. 145 and .70 Vd.oda.tons (kD). In the eoutex. of the presen. invennon, ,. ts 
^emtood that me main protein InCndea toxins and canrer proteins mat are .sofcud fiom 

aourees, as we., as eoneaponding toxins and cn^er promins m, are ^ced 
aecombbtantly according to medtods know, in the art Moreover, the rem, Wmum 
toxin" includes proteins having amino acid sequences ma. include enservanve ammo 
„cid substitutions, ineluding deletions, with respect to known bondmum toxm sciences, 

as described below. 

••Biological activity" of botulinum main refem to its ability <o block 
^™ion a, synapses having acetylcholine receptors by blocking see^lchohne 
re ,ease from nerve endings. This ,enn la used interchangeably hemin wrth me «nna 
-inhibition of chohnergic nansmisaion," "inhibition of cholinergic input,' rrfucnon of 

_ , , r ttC thprm f yitro assays for assessing biological 
chohnergic input" and dechnanons thereof 

a acivityofthe toxin include me mouaeLD„ assay, as described heretn AJnu. of 
^mtiusaaa^isdefinedastimanmumof^pao.mm^ned ok... SO** 

mice tesaed a. that dosage. A functional definition of this term is provided in Example 2, 

^ common amino acids are refetred «o hy their one- or three-letter 
30 herem: ^mine(A,A„,.c^ne(CCys.aspartio^<D J^.*-*-^** 
phenyl (F, Phe), glycine (G, Gly), histidine (H, Hia), — ., .1* ly-e AC 
Lys, leucine (L, leu), mednonin. (M, Met), asparagine (N, Aan), prohne (P, Pro), 



15 



20 



6 



PCT/US99/20912~ 

WO 00/15245 

^ (Q, Gin), erginine (R, Arg), serine (S, Ser), flneontae (T, Thr), vanne (V, Va!), 
tryptophan (W, Trp), tyrosine (Y, Tyr). 

The term "liquid pharmaceutical formulation" refers to a pharmaceutical* active 
preparation of drug or biological which is capable of being stored in a liquid 
5 pharmaceutical excipient, such as buffered saline or a physiological buffer, for an 

extended period of time. The formulation may be a concentrated formulation winch rs 
diluted in a similar or different liquid prior to use. 

The term "buffer" refers to a compound, usually a salt, which, when dissolved m an 
aqueous medium serves to maintain the free hydrogen ion concentration of the solution 
10 within a certain pH range, when hydrogen ions are added or removed from the solution. 
A salt or solution is said to have a "buffering capacity" or to "buffer" the solution over 
sucharangcwhenitprovidesthisfunction. Generally, a buffer will have adequate 
buffering capacity over a range that is within ± 1 P H unit of its P K. A "physiological 
buffer" is a buffer that is non-toxic to mammals, particularly humans, when admnustered 
15 aspartofapharmaceuticalpreparation. Examples of relevant physiological buffers m the 

context of the present invention are provided herein. ^ 

A "pharmaceutical* acceptable liquid" is a liquid which is considered to be safe 
for consumption by or injection into mammals, particularly humans. 

The term "excipient protein," as used herein, refers to a protein that is added to a 
20 pharmaceutical* active preparation, but which confers no additional significant 

biological activity to the preparation. Examples of excipient proteins include, but are not 
limited to serum albumins, particularly human serum albumin, and gelatin. Such 
proteins will preferably be relatively non-immunogenic to the mammalian specres mto 
which the pharmaceutical formulation is to be administered. 
25 The term "comprising" as used in the context of the present invention, and 

particularly in the context of the claims, is intended to have the meaning of the term 
"including", "containing" or "characterized by." A composition or method wluch 
"comprises" elements A, B and C may include, in addition to A, B and C, other unrecited 

elements, such as X or Y. 
30 The term "about" as used in the context of the present invention, and particularly 

in the context of the claims, means "approximately" or "nearly." In the context of 
numerical values, without committing to a strict numerical definition, the term may be 
construed to estimate a value that is ± 10% of the value or range recited. 
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Ail other m used herein should be construed » Bke on the .sua. definitions 
known to persons skilled in the ait or whieh are eired in a standard medieal or soient.no 
dictionary. 

5 II. ttntiilinnm Toxin 

As mentioned above, botulinum toxin is a polypeptide product produced by 
various strains of Clostridium botulinum. These strains produce at least eight known 
serologically distinct toxins (A, B, C„ Q, D, E, F and G). C. tarati and C. butyricum 
each produce a single serotype that is similar to serotypes E and F, respectively Sampson, 

0 1993) Generally, the toxin molecule has a molecular size of between about 145 and 170 
Idlodaltons (kD). In some cases, the active toxin molecule consists of two d.ulfide- 
Unkcd chains formed from a progenitor polypeptide. For example, botulinum toxm Type 
B is produced from a single precursor polypeptide of 1 50 kD, which is nicked to generate 
two disulfide-linked fragments - a heavy chain (H-chain) of 1 00 kD and a light chain (L- 

15 chain)of50kDformaximalactivity. The naturally occurring toxin binds noncovalently 
tonontoxiccarrierproteinsalsoproducedby C. botulinum. These carrier protemsbmd 
to the toxin chains to form complexes having as large as 900 kD (Type A), and preferably 
about 700 kD for Type B. The carrier proteins co-purify with the toxin and optimally 

♦ 

form part of the formulations described herein. 
20 The various botulinum toxin serotypes exhibit different binding specified,,* m 

ceHs. For exampfe, Type A arid Type E toxins appear to bind «o the same synaptosomal 
binding site, while Type B toxin binds to a disrine. sire and does no, compete for bmdtng 
a. the Type A/E binding site (Melling, 1988). While no, wishing ,o be bound by a 
prfcular theory or mechanism of action, i, is believed ma, me H-ohain of me roxnr 
25 provides neuronal cell binding and cell penefration activities, while fhe L-chain aefs to 
fuhibi, ace»,cholhre refease a, me synapse. Further, i, is behoved that bohriinum toxm 
types A and B use slightly diffeaent mechanisms for effeoting inhibition of acetyfehonne 
release: type A cleaves Synapse Associated Protein-25 (SNAP-25) and typeBclemtea 
Vesiole-Assooiamd Membrane Pm,ein (VAMP, or sombrevin), bom of which prorerns 
30 are components of synaptic vesicle release fiom synapses. 

All C bWlimm main aeretypes produce a common physiological resul, rn 
mammSs . They all mhibi, or Mock cholinergic synapse activUy. whieh results in partta. 
or ,„fal mnscle paralysis or blockade or inhibition of organ or glandular function, 
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depending on the site of administration. Accordingly, the formulation of the present 
invention can be used with any of the botulinum toxin serotypes derived from C 
botulinum which are characterized by the above-described biological activities. Amino 
acid sequences of most of the presently known serotypes are also known or can be 
5 determined by methods known in the art. It is understood that in the context of the 

present invention, a botulinum toxin formulation should further be construed to include a 
recombinantly engineered botulinum toxin that has conservative amino acid substitutions 
with respect to such known sequences. Generally such substitutions will be made from 
standard substitution classes of naturally occurring amino acids. For example, standard 
10 substitution classes may be the six classes based on common side chain properties and 
highest frequency of substitution in homologous proteins in nature, as determined, for 
example, by a standard frequency exchange matrix known in the art, such as the Dayhoff 
frequency exchange matrix. Under the Dayhoff matrix, for example, the classes are Class 
I: Cys; Class H: Ser, Thr, Pro, Hyp, Ala, and Gly, representing small aliphatic side chains 
15 and OH-group side chains; Class HI: Asn, Asp, Glu, and Gin, representing neutral and 

negatively charged side chains capable of forming hydrogen bonds; Class IV: His, Arg, and 
Lys, representing basic polar side chains; Class V: He, Val, and Leu, representing branched 
aliphatic side chains, and Met; and Class VI: Phe, Tyr, and Trp, representing aromatic side 
chains. In addition, each group may include related amino acid analogs, such as ornithine, 
20 homoarginine, N-methyl lysine, dimethyl lysine, or trimethyl-lysine in class IV, and a 
halogenated tyrosine in Group VI. Further, the classes may include both L and D 
stereoisomers, although L-amino acids are preferred for substitutions. By way of example, 
substitution of an Asp for another class HI residue such as Asn, Gin, or Glu, is a 

conservative substitution. 

25 While botulinum toxin activity can be measured using electrophysiological assays 

such as are known in the art, activity is generally measured by injecting the toxin into 
small animals, such as mice, and determining the dose of toxin required to kill, on the 
average, 50% of animals tested. This dose is referred to as the "lethal dose-50" or LD* 
and is defined as a biological activity unit. Doses for therapeutic applications are, by 

30 convention, standardized to such units. As discussed in further detail in Section HIB 

below, the various serotypes may have different human therapeutic potencies as measured 
by LD W units. Therapeutic dosages can be titrated from this information, according to 
methods known in the art. 
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m. Preparation of Botulinum Toxin 

This section describes methods for preparing botulinum toxin to be used in the 
formulation in accordance with the present invention. 

A. Purification of botulinum toxin from C. botulinum 
This section provides general methods for preparing purified botulinum toxin 
from cultured C. botulinum as exemplified by botulinum toxin Type B. In addition to the 
methods specifically cited herein, alternative methods for preparing botulinum toxin types 
A and B as well as the other known serotypes, are known in the art. 

As mentioned above, the active ingredient in formulations of the present invention is a 
pxoteinaceous component of C. botulinum extracts known as botulinum toxin, the active 
component of which has a molecular weight of between about 145-170 kD and which is 
usually present in a native protein complex which has a much higher molecular weight 
This section provides exemplary methods for purification of various botulinum toxins, 
focusing on botulinum toxin serotypes A and B. It is understood that the general 
scientific literature provides guidance for alternative methods of purifying the toxins, and 
that persons skilled in the art will be able to identify such methods and apply them to the 
particular toxin desired for use in formulations prepared in accordance with the present 
invention. 

Generally, botulinum toxin Type B is isolated as a complex from high titer 
fermentations of C. botulinum cultures, according to methods well known in the art. 
Stock cultures can be obtained in the United States by institutions holding a license from 
the Center for Disease Control (CDC) and elsewhere, according to the national 
regulations on distribution of the organism. For purification of botulinum toxin Type B, 
C. botulinum Okra or Bean B are appropriate starting materials. Frozen stock cultures are 
inoculated into test tubes containing culture medium such as thioglycollate medium or 
trypticase peptone medium, and cultures grown and processed according to the methods 
described below and detailed in U.S. Patent 5,696,077, incorporated herein by reference, 

and as described below. 

Briefly, cultures are expanded according to methods known in the art to produce 
sufficient amount of bacterial starting material to produce a desired yield of toxin. 
Generally, about 20 liters of bacterial culture will be required to produce 0.5 grams of 
toxin The culture is brought to room temperature, and the pH of the culture is adjusted to 
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pH 3 5 with sulfuric acid or another suitable acid. The resulting precipitate is allowed to 
settle and the cleared supernatant is decanted. Calcium chloride is then added to the 
precipitate with stirring and the volume is increased with deionized water, such that the 
final concentration of CaCl 2 is about 150 mM. The P H is raised to near neutrality (pH 
5 6 5) and the toxin solution is clarified by centrifugation. The toxin is reprecipuated by 
adjustment of the P H to 3.7. The resulting precipitate is allowed to settle, and the toxic 
precipitate is collected by centrifugation, then re-dissolved in buffer (pH 5.5) and 
exhaustively dialyzed overnight against the same buffer. The dialyzed toxin is 
centrifuged and the resulting supernatant chromatographed through an anion exchange 
10 column (DEAE). The unbound fraction is collected and tested for protein content. Toxm 
complexes are precipitated from this fraction by addition of ammonium sulfate to about 
60% saturation. The pellet is dissolved in phosphate buffer and dialyzed against the same 
buffer (pH 7.9). This purified toxin preparation can be used to prepare the formulation. 
Methods for preparing botulinum toxin type A are also well known in the art For 
15 example, Hambleton, et al (1981) and Melling, et al (1988), both of which are 

incorporated herein by reference, describe the production and purification of botulmum 
toxin type A from Clostridium botulinum type A NCTC 2916. Cultures of the bactena 
are grown up from a verified seed stock and inoculated into a 30 liter fermenter operated 
under anerobic conditions, according to standard conditions known in the art. Toxm yield 
20 is monitored continuously (for example by LD* determination), and when maximum 
yield is achieved (roughly 2 x 10* mouse LD 50 /ml), the culture is acidified (adjusted with 
3N H 2 S0 4 topH 3.5, and the toxin is harvested by centrifugation. This precipitated 
crude toxin is re-dissolved and extracted with 0.2 M phosphate buffer (pH 6.0), followed 
by ribonuclease treatment (100 pg/ml at 34°) and precipitation using NH 4 S0 4 (60% 
25 saturation at 25°). The precipitate is then resuspended and subjected to DEAE-Sephacel 
ion-exchange chromatography at P H 5.5 (following batch pre-adsorption). Fractions are 
monitored for activity, and active fractions are again precipitated using NH 4 S0 4 (60% 
saturation at 25°). The precipitate can be stored and re-dissolved to make a formulation 

of the invention, as described below. 
30 Formulations of the present invention preferably include the toxin binding 

complex, such as are prepared according to the methods described with respect to 
botulinum toxin Types A and B, above, or utilize equivalent forms of botulinum toxm 
types C„ C,, D, E, F, or G, prepared according to methods known in the art. The titer of 
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the toxin is determined by serial dilution of reconstituted toxin binding complex into an 
excipient protein, such as human serum albumin, avoiding bubbles and violent agitation 
such as by vortex mixing. According to convention, titer is determined in a mouse 
lethality assay, such as the mouse LD* assay described in Example 2. A working stock is 
5 diluted, aliquoted and lyophilized for storage. This stock solution is tested in assays to 
determine protein concentration, LD*, purity and pharmaceutical suitability according to 
methods well know in the art and exemplified in Example 2 herein. 

IV. Stable Botulinum Toxin Formulations 
10 It is the discovery of the present invention that botulinum toxin can be made and 

stored in a stable liquid formulation that retains its potency for an extended period of 
time, e.g., at least 1-2 years, at "refrigerator" temperatures (i.e., about 5±3°C, or more 
specifically, about 4±2°C, or more generally, 0-1 0°C) or at least about 6 months at "room 
temperature" (i.e., about 25°C, or more generally 10-30°C). Such a formulation can be 
1 5 conveniently dispensed to humans or other mammalian species as a pharmaceutical 

without further re-constitution by the physician. The formulation is characterized by a pH 
of between about pH 5 and 6, preferably about pH 5.5-5.6, as maintained by appropriate 
buffering conditions. The formulation may also include one or more excipient proteins. 

Example 1 provides details for the preparation of a formulation of botulinum toxin 
20 (type B) at a concentration of 5000 U/ml. It is understood that such formulation 

conditions may be applied to other serotypes of botulinum toxin such as botulinum toxin 
Type A, at the concentrations required for such serotypes, in order to provide stable 
formulations in convenient dosing packages. 

Briefly, a concentrated preparation of botulinum toxin, such as the purified toxin 
25 preparations described above with reference to types A or B, is admixed with a diluent, 
such as succinate buffer having a pH between pH 5 and pH 6, preferably about pH 5.6. 
In the case of botulinum toxin Type B, a concentration of about 5000 U/ml, as assessed in 
the mouse LD 50 assay, is desirable; however anywhere in the range of 100-20,000 U/ml or 
even higher, may be needed or desirable, depending on the dosage to be delivered. In the 
30 case of botulinum toxin Type A, concentrations ranging from 20-2,000, and preferably 
about 100-1,000 U/ml may be convenient. For pharmaceutical manufacturing purposes, 
the formulation is sampled and tested for the presence of possible microbial contaminants 
(bioburden) and is sterile filtered into glass or polypropylene vials for dispensing to 
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patients. The final product can be stored as a liquid for at least one year and preferably 
more than two years at 0-10°C without significant loss of biological potency, as 
evidenced by < 20% loss of potency in the mouse LD^ test (Example 2). 

The diluent referred to above can be any pharmaceutically acceptable liquid which 

5 will not adversely affect the stability of the complex, and which supports a stable pH 
range between about pH 5 and pH 6. Examples of particularly suitable buffers include 
succinate and phosphate buffers; however, those of skill in the art will recognize that 
formulations of the invention will not be limited to a particular buffer, so long as the 
buffer provides an acceptable degree of pH stability, or "buffer capacity" in the range 

1 0 indicated. Generally, a buffer has an adequate buffer capacity within about 1 pH unit of 
its pK. (Lachman, et al, 1986). In the context of the present invention, this includes 
buffers having pK's in the range of about 4.5-6.5. Buffer suitability can be estimated 
based on published pK tabulations or can be determined empirically by methods well 
known in the art. In addition to the succinate and phosphate buffers mentioned above, 

1 5 other pharmaceutically useful buffers include acetate, citrate, aconitate, malate, and 
carbonate (Lachman). The pHofthe solution can be adjusted to the desired endpoint 
within the range using any pharmaceutically acceptable acid, for example hydrochloric 
acid or sulfuric acid, or base, for example sodium hydroxide. 

The excipient protein added to the formulation can be any of a number of 

20 pharmaceutically acceptable proteins or peptides. Preferably, the excipient protein is 
selected for its ability to be administered to a mammalian subject without provoking an 
immune response. For example, human serum albumin is well-suited for use in 
pharmaceutical formulations that are administered to humans; conversely, bovine serum 
albumin might be selected for use in cattle. Other known pharmaceutical protein 

25 excipients, such as, for example gelatin, may be used for this purpose. The excipient is 
included in the formulation at a sufficient concentration to prevent adsorption of the toxin 
protein complex to the holding vessel or vial. The concentration of excipient will vary 
according to the nature of the excipient and the concentration of toxin complex in the 
formulation. By way of example, in studies carried out in support of the present 
30 invention, it has been determined that a concentration of 0.5 mg/mL human serum 

albumin is sufficient for purposes of formulations containing 5000 U/mL botulinum toxin 
Type B, while not evoking a significant immunological or allergic reaction in most 
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humans; generally concentrations of between about 0.05 mg and 1 mg per 1000 U 
botulinum B should provide sufficient protection. 

Appropriate excipient concentrations for stabilizing botulinum toxin type A have also 
been described. For example, "BOTOX®" is stabilized by addition of 0.5 mg albumin 
5 per 1 00 units of toxin activity (PDR). 

V. Utility 

A. Therapeutic and Cosmetic Uses of Botulinum Toxin Formulations 
The pharmaceutical compositions of the present inventipn can be used for a 

10 number of indications in which inhibition or blockade of cholinergic neurotransmission is 
desirable, particularly, but not limited to, cholinergic transmission associated with control 
of smooth or skeletal muscles. This section provides examples of disorders in which 
formulations of the invention can be used therapeutically; however, the examples 
provided herein should not be construed to limit the invention. Representative dosages 

1 5 and routes of administration for some of these indications are described in Part B, below. 

Botulinum toxin, particularly botulinum toxin Type A, has been shown to be an 
effective treatment of spastic muscle disorders. A single treatment regimen (which may 
include multiple intramuscular injections) can provide relief from uncontrollable muscle 
spasm for as long as several months. For example, "BOTOX®" (botulinum toxin Type 

20 A) is approved by the U.S. Food and Drug Administration for localized injection into the 
ocular orbit for treatment of blepharospasm. Other indications include other focal 
dystonias, such as laryngeal dystonia, Meige's syndrome (oromandibular dystonia; 
orofacial dyskinesia), spasmodic torticollis (Hardman, et aU 1996), limb dystonia, 
animus, and urinary detrusor-sphincter dyssynergia, blepharospasm, strabismus, 

25 hemifacial spasm as well as rhinorrhea, otitis media, excessive salivation, asthma, spastic 
colitis, excessive stomach acid secretion (see, for example, U.S. Patent 5,766,005), 
headache associated with migraine, vascular disturbances, neuralgia or neuropathy (U.S. 
Patent 5,714,468; WO 953041), arthritis pain (WO 9517904), disorders of the 
gastrointestinal tract involving striated or smooth muscle (U.S. Patent 5,674,205), 

30 relaxation of the perineum during childbirth (U.S. Patent 5,562,899), or relief of jaw- 
clenching (U.S. Patent 5,298,019). Botulinum toxin Type A has been also injected 
locally to achieve cosmetic relief of muscle tone which causes "frown lines" on the face 
and to achieve a "browlift" (Frankel, 1998) and has been found to be useful when 
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injected intracutaneous^ for treating focal hyperhydrosis (excessive sweating; WO 
9528171; U.S. Patent 5,766,605) as well as for treating juvenile curvature of the spine 
(U.S. Patent 5,053,005) adult and juvenile cerebral palsy (U.S. Patent 5,298,019; WO 
9305800), and spasms and involuntary contractions caused by cerebral palsy, multiple 

5 sclerosis or Parkinson's disease (U.S. Patent 5,183,462). All references cited above are 
herein incorporated by reference in their entireties. 

In experiments carried out in support of the present invention, stable liquid 
formulations containing botulinum toxin Type B have been tested and found efficacious 
in cervical dystonia, also known as torticollis, a condition in which an individual 

10 experiences involuntary spasms and muscle contractions in the head, neck and spine 

which result in turning or tilting movements of the head. This condition is also frequently 
accompanied by tremor and musculoskeletal pain. In general, the etiology of the disorder 
is unknown; however, it is considered to be the result of central nervous system 
dysfunction resulting in hyperactivity of the involved musculature. Current treatment 

1 5 regimens, including anticholinergic, dopaminergic, muscle relaxant, anti-spasmodic and 
anticonvulsant drugs, do not provide sustained relief. Botulinum toxin Type B is 
effective in treating this condition by causing local paralysis or paresis, which has a 
typical onset time of about 1 week after injection and duration of response lasting from 
about 1 to 4 months. 

20 Formulations of the other botulinum toxin serotypes are useful in primary 

treatment of any of the conditions previously described with respect to Type A. In 
addition, as mentioned above, botulinum toxin Types B-G are also useful in treatment of 
patients who have become refractory to treatment with botulinum toxin Type A due to the 
presence of an immune response to the toxin. Conversely, serotype A may be used in 

25 patients who become refractory to serotype B or any of the other toxin serotypes. 
Formulations of one or more botulinum toxin serotypes can be made and used in 
accordance with the present invention. 

Generally, it is appreciated that, in view of their similar biological effects, the 
various botulinum toxin types may be interchangeable in the treatment of various 

30 disorders, particularly those related to muscle spasticity. Nonetheless, as described below 
with respect to types A and B, effective dosages (expressed in terms of UVs or 
biological units) may vary significantly among the various serotypes. Estimates of 
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equivalent dosages can be made based on the known dosages described with respect to 

any of the tested toxins. 

B. Dosages and Modes of Administration 

Botulinum toxin is known as a potent and sometimes fatal toxin to animals. 

5 Nonetheless, as described below, when sufficient care is taken in adjusting the mode of 
administration and dosage, this drug can be used safely in humans. 

Dosages for the various forms of botulinum toxin will vary, according to the 
serotype of toxin used. For example, in experiments carried out in support of the present 
invention it has been found that, comparing mouse LD 50 units, botulinum toxin Type A 

10 ("BOTOX®") is about 4-6 times more potent than botulinum toxin Type B in inducing 
paralysis in monkeys, as assessed by electrophysiological measurements of selected 
skeletal muscles. This observation is consistent with experimental results in rats that 
showed large differences in the amounts of the two toxins required to produce paralysis of 
rat limbs (Sellin; Jackson). In view of these observations, appropriate equivalent dosages 

15 can be estimated or determined empirically by the skilled practitioner. 

Variation in the recommended dosage may also vary in accordance with patient 
history. Patients who have received repeated doses of botulinum toxin type A, for 
example, have been reported to become "resistant" to further treatment, requiring larger 
doses to produce an equivalent effect over time. Without committing to any particular 

20 mechanism of action, it is believed that this phenomenon is related to development in the 
patient of a serotype-specific immune response. Reports on the incidence of antibodies in 
patients undergoing repeated botulinum toxin Type A therapy range from about 3% to 
57%. Accordingly, it is recommended that in the event that the clinician elects to switch 
serotypes during a treatment regimen, the initial dosage of the new serotype should be 

25 calculated on the basis of a naive patient, rather than on the basis of the patient's dosage 
history. 

Appropriate methods of administration include any which will result in delivery of 
the active toxin ingredient to the tissue of interest, without causing severe side effects to 
the patient. Such methods include, without limitation, intramuscular (i.m.) injection, 
30 topical administration, subdermal, perineural application, iontophoretic current 

administration, and the like. Specific procedures for administration of botulinum toxins, 
including maneuvers to limit systemic distribution of active components, are well known 
in the art. Electromyography may be used to identify and more precisely locate specific 
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muscle groups, particularly for treatments involving muscles that are difficult to identify, 
such as those in the orbit of the eye, the larynx and the pterygoid area, as well as muscles 
in obese subjects. 

Treatment of dystonias usually is accomplished by administering the toxin into the 
5 vicinity of the zones of innervation of the afTected muscle, usually by intramuscular 
injection using a hypodermic needle. Typically, the resulting localized paralysis can 
provide relief to a patient for up to 3 or 4 months. Patients may be tested at lower doses 
and individually titered up to an optimal dose, in order to achieve sufficient 
neuromuscular blockade to correct any dysfunction without producing frank paralysis. 
1 0 Changes in dosage may be indicated if the patient becomes resistant to toxin. An 

advantage of the present invention is that it overcomes a common dosage problem related 
to instability of the toxin material in solution, which can lead to further ambiguities 

concerning appropriate dosage. 

Recommended dosages of botulinum toxin Type A have been determined for a 
15 number of indications and are known in the art. For example, for treatment of strabismus, 
a dosage of 1.25-2.5 U botulinum toxin type A is recommended for administration to 
vertical muscles and for horizontal strabismus of less than 20 diopters; 2.5-5 U is 
recommended for horizontal strabismus of greater than 20 prism diopters (Physician s 

Desk Reference, 51 st Edition). 
20 Botulinum toxin Type A is also used for treatment of blepharospasm at a dosage 

of 1.25-2.5 U injected, using a 27-30 gauge needle, into the medial and lateral pre-tarsal 
orbicularis oculi of the upper lid and into the lateral pre-tarsal orbicularis oculi of the 
lower lid. Treatments are expected to last about 3 months; at repeat treatment, the dosage 
may be increased up to two-fold, depending on the response of the patient. It is 
25 recommended that a cumulative dose of no more than 200 U botulinum toxin type A 
should be given over a 30 day period (Physician s Desk Reference, 57 s ' Edition). 

Example 3 provides examples of dose ranging studies for use of botulinum toxin 
Type B in the treatment of cervical dystonia (torticollis) using a formulation in 
accordance with the present invention. In these studies, also outlined below, botulinum 
30 toxin Type B liquid formulation in accordance with the invention was provided to the 

administering clinicians with instructions to store the formulation in a clinical refrigerator 
with control for temperatures between 2-8°C. Generally formulation was supplied from 
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lots prepared and stored at the recommended temperature for 6-12 months. Clinicians 
received an approximate 6 month supply of the formulation. 

Briefly, patients were given variable doses of toxin, by intramuscular (i.m.) 
injection into 2-4 superficial neck and/or shoulder muscle groups, determined in 

5 accordance with the clinicians evaluation of muscle involvement in the disorder. In one 
study, individual divided doses ranging from 100-1200 U were given, with cumulative 
doses of between 270-2280 U over a period ranging up to 398 days. All patients 
experienced improvement during the study and no diminution of formulation potency was 
observed in the course of the study. 

1 0 Further studies carried out in support of the present invention revealed that 

patients who have become resistant to botulinum toxin type A can be treated with 
botulinum toxin Type B. Here patients who participated in the study exhibited a 
decreased responsiveness to botulinum toxin type A and were considered successfully 
treated if, after treatment, they exhibited at least a 25% decline in Total score (decline = 

1 5 improvement) as assessed by the Toronto Western Spasmodic Torticollis Rating Scale 
(TWSTRS; Consky, 1994), in comparison to baseline score. Individual doses between 
150-1430 U of botulinum toxin Type B formulation were administered, with cumulative 
doses ranging from 300-12000 units over up to 117 days as detailed in Example 3. 
Overall, patients experienced an improvement in this study, particularly at higher doses, 

20 and there was no evidence of development of blocking antibodies to botulinum type B, 
nor was there evidence of diminution of potency of the formulation. In a further study, 
individual doses of 0, 400, 1200, and 2400 U botulinum toxin Type B formulation were 
administered periodically for periods as long as 203 days, with success in treating 
torticollis, as described above. 
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The following examples illustrate, but in no way are intended to limit the present 
invention. 

EXAMPLES 



30 Materials 

Unless otherwise indicated, all reagents described herein can obtained from any 
reputable commercial vendor that sells reagents for use in the chemical, biochemical, 
biotechnological or pharmaceutical industries, as appropriate. 
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Example 1: Preparati n of Stable Botulinum Toxin F rmulation 

5 A. Preparation of Succinate Buffer 

Succinate buffer was prepared in 3 L lots with 2.7 mg/mL disodium succinate and 
5.8 mg/mL sodium chloride, supplemented with 0.5 mg/mL human serum albumin 
(Michigan Biological Products Institute). Concentrated hydrochloric acid was used to 
adjust the pH of the buffer to pH 5.6. The buffer was filtered through a 0,2fim filter into 
1 0 an autoclaved, sealed container. Prior to use, the buffer was sampled and tested for pH, 
bacterial endotoxin and bioburden. 

B. Preparation of Botulinum Toxin Formulation 

An aliquot of concentrated botulinum toxin Type B was diluted approximately 
1000-fold using succinate buffer (pH 5.6) to obtain a potency of 5000 ± 1000 U/ml. The 
15 diluted toxin was stored in 2L sealed glass containers and is referred to as "Bulk 
Solution/' It was then stored at 5 ± 3°C until the material was shipped for filling. 

Prior to filling, the Bulk Solution was sampled and tested for the presence of 
microbial contamination (bioburden) according to standard methods known in the art. It 
was then transferred by peristaltic pump via medical grade tubing, and sterile filtered (0.2 
20 urn) into a sterile bulk receiver located inside the filling room. The resulting sterile 

filtered Bulk Solution was filled into 3.5 cc glass vials in aliquots of 0.5 mL (2500 U), 1 
mL (5000 U) or 2 mL (10000 U). 

The composition of the final container product is shown in Table 1 . 



TABLE 1 

Composition of Botulinum B Formulation 



25 



Active Ingredient 


Inactive Ingredients 


Concentration 1 


Botulinum toxin Type B 




5000 ± 1000 LDsoU/mL 


- 


Succinate, USP 


10 mM 




Sodium chloride, USP 


100 mM I 




Human albumin, FDA released 


0.5 mg/mL I 




Hydrochloric acid, NF 


For pH adjustment I 
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Example 2: Stability Testing of B tulinum Toxin Formulation 
A. Stability Results 

Botulinum toxin Type B was manufactured, diluted as described above to a 
concentration of 2500 Units/ml, and stored as 1 mL aliquots in 5 mL glass vials at 5 0 C 
5 for up to and including 30 months. At 0, 1, 3, 6, 9, 12, 18, 24 and 30 months following 
initial storage, aliquots were chosen at random and tested for potency in the mouse LD 50 
assay. The solutions were also observed for appearance and were tested for pH according 

to standard methods. 

Table 2 shows the results of testing of aliquots removed at various timepoints. 
1 0 These results indicate that formulations prepared in accordance with the present invention 
are stable, as evidenced by a potency that is within the range of potencies reported at time 
zero, for at least 30 months when stored at 5°C. 

Table 2 

1 5 Stability of Formulation at 5°C 



Storage time 
(months) 


Potency 
(mean; U/ml) 


pH 


Appearance* 


0 


1750-3250 


5.5 


Pass 


1 


1941 


ND" 


ND 


3 


2541 


5.6 


ND 


6 


2020 


5.6 


Pass 


9 


2357 


5.6 


Pass 


12 


2064 


5.6 


Pass 


18 


2318 


5.4 


Pass 


24 


1799 


5.6 


Pass 


30 


2101 


5.6 


Pass 



' Pass=elear, colorless to light yellow solution; substantially free of visible particles 
b Test not performed 
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Table 3 shows the results of testing on aliquots of botulinum type B toxin 
formulation prepared and aliquoted as described above, but stored at 25°C. These results 
indicate that the formulation is stable for at least 6 months at 25°C, as evidenced by a 
mean potency that retains at least about 90%, and preferably at least 95%, after 6 months 
storage, and at least about 75% of its initial potency after 9 months storage at 25°C. 



Table 3 

Stability of Formulation at 25°C 



Storage time 
(months) 


Potency 
(mean; U/ml) 


pH 


Appearance' 


0 


1941 


5.5 


Pass 


1 


2297 


5.6 


ND b 


2 


1935 


5.6 


ND 


3 


2017 


5.6 


ND 


6 


1909 


ND 


Pass 


9 


1579 


5.6 


Pass 



■ Pass=clear, colorless to light yellow solution; substantially free of visible particles 
b Test not performed 

B. Stability Tests 

1. Determination of pH of Botulinum To xin Formulation 

The pH of the botulinum toxin Type B formulation was measured using a Fisher 
Scientific Accumet pH Meter, Model 50 with an automatic temperature compensation 
probe. The electrode was an Orion Ross Combination Electrode with a KC1 reference 
electrode. The pH determination was made following a standard two-point 
standardization (pH 4.0, pH 7.0) according to manufacturer's directions. Three 
measurements are made for each sample. The pH values were recorded to 2 significant 
figures and the average was taken. 

2. Mouse LP cq Potency Test 
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Healthy, unused CFW or CD-I mice of either sex weighing 18 to 22 g were used 
to determine LD*. For each filled product, mice were tested at 5 doses of Botulinum 
toxin Type B formulation. Each assay was run in quintuplicate. 

Two stock solutions were prepared from the test sample. Stock Solution A was 
5 obtained by diluting the test sample to an estimated potency of 750 U/mL with gelatin 
phosphate buffer, pH 6.2. Stock Solution B was obtained by diluting solution A 10-fold 
to 75 U/mL. The following test dilutions were prepared from Stock solution B: 1 :7.5, 
1:10, 1:13.5, 1:18, and 1:24.3. 

Mice were given intraperitoneal injections of 0.2 mL of the appropriate dilution of 
1 0 compound. The mice were held for 4 days post-injection and observed daily. Any deaths 
were recorded. The observations were terminated after four days. 

Cumulative Deaths (CD) at the different dilution levels were calculated by adding 
the number of deaths from the maximum dilution upwards. The Cumulative Survivors 
(CS) were calculated by adding the number of survivors from the minimum dilution 
1 5 downwards. The %CD was calculated as CD/(CIHCS) x 100% at each dilution. 

The dilution representing the LD^ was determined by the Proportional Distance (PD) 
method of Reed and Muench using the dilutions producing %CD values that bracket the 
50% Cumulative Death. 

The Proportional Distance (PD) = r%CD>50%Y - 50% 
20 (%CD>50%) - (%CD<50%) 

The PD value obtained was multiplied by the log difference between the dilution 

levels which bracket the 50% CD. This value was added to the log of the dilution with 

mortality (CD) greater than 50 to obtain the dilution representing the LD 50 . 

The antilog of this dilution was calculated to obtain the number of LD 50 units of toxin per 
25 injection volume (0.2 mL). This number was then multiplied by 5 to obtain the LD^ 

units per mL of toxin Stock Solution B. 

The LDso units per mL of Stock Solution B were multiplied by its dilution factor 

(i.e. the dilution required to produce an estimated potency of 75 U/mL) to obtain the 

potency of the sample. The arithmetic mean and standard deviation of LD 50 units per mL 
30 were calculated for 5 valid tests. 

3. A ppearance of Formulation 
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Appearance was assessed through visual inspection against black and white 
backgrounds under bright light following a gentle swirl. The color, clarity and presence 
of visible particulates were all evaluated. 

5 Example 3: Treatment of Cervical Dystonia (CD) 

A. Drug Dilution, Calculation, Administration and Dosing Regimen 

1. Drug Handling 

Vials of drug were filled to deliver 2.0 mL (10000 U), 1.0 mL (5000 U) or 0.5 mL 
(2500 U) of undiluted study drug. Violent agitation or bubbling were avoided in all 
10 handling steps, since botulinum toxin can be denatured by either of these conditions. 
The formulation was removed from the vial using a 1 mL tuberculin syringe, ensuring 
that the exact volume was removed. 

2. Druff Calculation 

Botulinum toxin Type B was administered to cervical dystonia (CD) patients by 
1 5 administering the contents of the appropriate vial(s) to provide the dosages indicated in 
the table below. The mouse units (U) for dose escalation is calculated as follows, where 
1U is the the amount of toxin present in a dose which represents the LD^, determined in 

mice as described in Example 2. 

For each dosing session, botulinum toxin Type B was administered according to 

20 standard procedures, as detailed below. Injections of compound were given by a 
neurologist physician previously trained in the therapeutic use of botulinum toxin in 
patients with CD. Patients were requested to relax as much as possible to facilitate 
observation of the head and neck posture at rest. Determination of the neck muscles 
involved in producing the CD was made and confirmed by palpation of the involved 

25 muscles. At the discretion of the Investigator, EMG evaluation was performed to further 
locate the primarily affected muscles. The muscles considered for treatment in this 
protocol are levator scapulae, scalenus medius and anterior, semispinalis capitism, 
splenius capitus, sternocleidomastoid, and trapezius. Injections were made into each of 
these muscles in 1 to 5 sites. Total injection volume per site was less than or equal to 

30 1 .0 mL to avoid local tissue distortion, but at least 0. 1 mL to facilitate accurate volume 
measurement with a standard 1 .0 mL syringe. Initially, patients received a total dose of 
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5000 U, with subsequent doses of up to about 15000 units on follow-up visits to the 
clinic. 

B. Clinical Studies of Cervical Dystonia (CD) 
5 Study 1 

Eight patients (3 males, 5 females) having a mean age of 43.9 years and individual 
clinical diagnoses of idiopathic CD took part in a study in which botulinum toxin Type B 
formulation was injected into 2-4 superficial neck and/or shoulder muscle groups. 
Patients were allowed to undergo treatment as frequently as every 4 weeks, provided 

10 there were no serious adverse effects or persistent clinical improvement at presentation. 
Patients participated in 1-5 dosing sessions. Individual dosing sessions ranged from 100 
U to 1200 U with total cumulative doses ranging from 270 U to 2280 U botulinum toxin 
Type B toxin formulation as described herein. Effectiveness was assessed by use of the 
Tsui Torticollis Scale (Tsui, J.K.C. (1986), Lancet 2: 245-247). Patients participated in 

15 the study for 127 to 398 days, with a mean time in study of 244.8 days. Torticollis scores 
were similar at baseline, and all patients experienced a modest decline in score (decline = 
improvement) with some indication of a dose-related trend, when total dosages were 
compared. Overall, patients experienced an improvement in torticollis conditions. There 
was no indication of development of blocking antibodies in this study. 

20 

2. Study 2 

Patients enrolled in this study had a clinical diagnosis of idiopathic CD 
(torticollis) and had developed resistance to botulinum toxin type A. Patients received 
intramuscular injections of botulinum toxin Type B formulation in accordance with the 
25 present invention to 2-4 superficial neck and shoulder muscles. 

Twelve patients (median age 52.3 years) entered and completed the study. 
Patients participated in the study from 37 to 127 days, with a mean time of 65 days. 
Patients were treated with 1 to 3 doses of study drug. Cumulative doses ranged from 

940-2100 U, and individual doses ranged from 150-1430 U of botulinum toxin Type B. 

« 

30 The mean length of time between dosing sessions was 22.3 days for patients receiving 
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lower doses (100-899 U total) and 48.4 days for those in the higher dose range (900-1500 
U). 

Clinical benefit was defined as at least a 25% decline in score in the Toronto 
Western Spasmodic Torticollis Rating Scale (TWSTRS) - Severity Scale (Consky, E.S., 

5 Lang, A.E. (1994) In: Therapy with Botulinum Toxin. Jankovic, J and Hallet M, eds. 
Marcel Dekker, Inc., New York) as compared to baseline (decline = improvement). The 
mean score was similar in all patients at baseline. 56% of patients in the higher dose 
group exhibited a decline in TWSTRS-severity score, as compared to 7% of patients in 
the lower dose group. A modest improvement in TWSTRS-pain scores was also 

10 observed in both groups, particularly in the early phases of the study. There was no 
evidence of development of blocking antibodies to botulinum toxin Type B in these 
patients. 

3. Study 3 

1 5 Twenty-eight patients (mean age 50.9 years) with a confirmed diagnosis of 

cervical dystonia received injections of botulinum toxin Type B formulation into 2-4 
superficial neck and shoulder muscles with escalating doses (up to 1 .5-fold per successive 
session) over time. Clinical benefit was assessed using the TWSTRS-Severity test, as 
described above, with a 25% reduction in score considered an improvement. 

20 Patients participated in the study from 28-1 77 days with a mean time in the study 

of 71 .9 days. Patients were treated with 1 to 3 doses of formulation. Cumulative doses 
ranged from 1430 U to 12000U, with individual doses ranging from 300 U to 12000 U. 
For purposes of clinical assessment, 4 dose groups were defined: 100-800 U (Group A), 
900-2399 U (Group B), 2400-5999 U (Group C), and 6000-12000 U (Group D). The 

25 length of time between dosing sessions ranged as follows: Group A, 13-101 days, avg. 
35.7 days; Group B, 14-113 days, avg. 48.8 days; Group C, 29-177 days, avg. 62.2 days; 
Group D, 28-177 days, avg. 55.1 days. 

Mean baseline scores were similar in all patients in all treatment groups, and all 4 
groups experienced a mean decrease in score (improvement) during the study. Overall, 

30 mean percent improvement from baseline and mean response ratio for severity score was 
greatest in Groups C and D during the study. Measures of mean maximum 
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improvement, mean maximum percent improvement and mean maximum response ratio 
were greater for the two higher dose groups than for the two lower dose groups (8. 1 and 
6.8 vs. 2.1 and 3.6 for maximum improvement; 43.9% and 35.5% vs. 10% and 16.1% for 
mean maximum improvement; 0.32 and 0.23 vs. 0.05 and 0.09 for mean maximum 
response ratio). The percentage of patients responding to treatment was greater for the 
two higher dose groups (C, 80% and D, 78%) than for the two lower dose groups (A, 0% 
and B, 27%). The mean duration of response was longer for the two higher dose groups 
(C, 47.6 days; D, 38.1 days) than for the two lower dose groups (A, 0 days; B, 31 days). 
These data show a dose-dependent response to botulinum b toxin formulations in 
accordance with the present invention. 

4. Study 4 

Three doses of botulinum toxin Type B formulation were tested against placebo 
treatment in a study which included 85 CD patients entering a randomized, double-blind, 
single-dose, 4-arm, parallel-group, multi-center study. Patients ranged in age from 1 8 to 
80 years. Doses were 400, 1 200 or 2400 U botulinum toxin Type B injected into 2-4 
superficial neck and/or shoulder muscle groups. Patients were assessed using the 
TWSTRS scoring scale at baseline and at weeks 2 and 4 after treatment. Patients who 
failed to show 3 or more points improvement (> 20%) in TWSTRS severity score after 4 
weeks were withdrawn from the study as non-responders. Responders returned for 
assessment every 4 weeks, until their response levels fell by greater than 50%. 

All TWSTRS scores showed improvement with increasing dose of botulinum 
toxin Type B formulation. At week 4, there was a statistically significant improvement in 
patients in the 2400 U dose group as compared to placebo-treated patients by both the 
TWSTRS-pain and TWSTRS-total assessments, and the percentage of patients showing 
improvement was greatest in the 2400 U group. Mean patient global assessments were 
considerably higher in the 2400 U group at weeks 2, 4 and 8 as compared to any of the 
other treatment group; in analyses of variance on the week 4 data, there was a statistically 
significant difference (p=0.0286) among treatment groups. There were also significant 
differences between placebo and the 2400 U dose group (p=0.0050) and in the dose- 
response analysis (p=0.0028). In the analyses of variance of Week 4 data, there was a 
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statistically significant difference (p=0.0073) among the treatment groups, and there were 
also significant differences between placebo and the 2400 U dose group (p=0.001 5) and 
in the dose-response analysis (p=0.0008). 

Patients participated in this study from 25 to 203 days, with a higher average 
5 number of days for the 2400 U dose group (61 days). 

5. Study 5 

This study was also a randomized, double-blind, placebo-controlled, single dose, 
4-arm, parallel group, multi-center outpatient study examining the effects of a single 

10 treatment of placebo (Group A) or one of three doses (2500 U, Group B; 5000 U, Group 
C; 10000 U, Group D) of botulinum toxin Type B formulation injected into 2 to 4 
superficial neck and/or shoulder muscle groups in patients with confirmed diagnosis of 
CD. Patients ere evaluated at visits 2 and 4 weeks after treatment. Those with greater 
than 20% improvement at week 4 compared to baseline (TWSTRS-total score) were 

1 5 considered "respondent and were asked to return for re-evaluation at 4 week intervals for 
a maximum of 4 months, or until their response score level fell by greater than 50%. 

One hundred twenty-two patients, ranging in age from 1 9-8 1 years, entered the 
study. The time the patients continued in the study reflected the time that they responded 
to study drug. Treatment groups were similar for the minimum and maximum number of 

20 days that patient members remained in the study. The mean time in the study increased 
as the dose increased, from 45 days for placebo Group A, to 61 days (B), 67 days (C) and 
75 days (D). 

For all TWSTRS scores, all treatment groups showed improvement from baseline 
to week 4. All of the TWSTRS scores tended to improve as the dose of formulation 

25 increased. In the analysis of covariance on the Week 4 TWSTRS-total scores, the overall 
difference among treatment groups was statistically significant (p=0.0001). In addition 
analysis of dose-response was significant (p=0.0001), and all 3 comparisons of placebo 
with the active groups were significant (p=0.0016 for placebo vs 2500 U; p=0.0005 for 
placebo vs 5000U; p=0.0001 for placebo vs 10,000 U). The percentage of patients who 

30 responded to treatment at Week 4 was greater in Group D (10000 U) than in any other 
group for TWSTRS-total, -disability, and -pain scores. There was a significant dose- 
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response for each of the four TWSTRS scores (total, p<0.001; severity, p=0.035; 
disability, p=0.002; pain, p=0.001). Pain assessment improved for all treatment groups 
at Week 4, to 67.5, 70.2 and 75.1 in groups B, C, and D, respectively. Overall differences 
among treatment groups was statistically significant (p=0.0049), the analysis of dose- 
5 response was statistically significant (p=0.001 7) and the comparisons of placebo with all 
three active treatment groups were significant (p=0.0149, 0.0084 and 0.0007 for groups 
B, C and D, compared with placebo, respectively). 

Example 4: Physiological Response to Botulinum Toxin Type B formulation in 
10 Human Subjects 

Eighteen healthy subjects were tested for extensor digitalis brevis (EDB) M-wave 
amplitude response to botulinum toxin Type B using standard electrophysiological 
methods known in the art. Subjects ranged in age from 1 8-22 years. 

15 Electrophysiological studies were carried out on days 2, 4, 6, 9, 1 1, 13 and 14 post- 
injection of doses ranging from 1 .25 U to 480 U (i.m.) of botulinum toxin Type B 
formulation. The results of analysis of the data showed a dose-dependent decrease in 
EDB M-wave amplitude and area with increasing dose. The maximal effect at 480 U 
resulted in a 75% reduction in M-wave amplitude from baseline. 

20 In a separate study, 1 0 subjects were randomized to be injected with a dose of 

botulinum toxin Type B "B" formulation in one EDB and a dose of "BOTOX®" 
(botulinum toxin Type A, "A") in the other EDB using one of five different dosing 
schemes: 1.25 UA/ 20 U B; 2.5 U A/ 80 U B; 5 U A/ 160 U B; 7.5 U A/ 320 U B; 10 U 
AJ 480 U B (2 subjects per dosage schedule). One control subject was given a saline 

25 injection in each EDB muscle. The rate of fall in the M-wave amplitude and area was 
similar in both muscles, with maximal effect occurring at approximately day 6 post 
injection. Both serotypes exhibited a dose-dependent decrement in M-wave amplitude. 
Post-exercise facilitation was largest at day 9 for both types of toxin. 

30 While the invention has been described with reference to specific methods and 

embodiments, it will be appreciated that various modifications and changes may be made 
without departing from the invention. 
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IT IS CLAIMED: 

1 . A stable liquid pharmaceutical botulinum toxin formulation, comprising 
a pharmaceutical^ acceptable buffer capable of providing a buffered pH range 
5 between about pH 5 and pH 6, and 
isolated botulinum toxin; 

wherein said formulation is stable as a liquid for at least one year at a temperature 
between about 0 and 10 degrees centigrade. 

10 2. The formulation of claim 1, wherein said temperature is about 5±3 degrees 
centrigrade. 

3. The formulation of claim 1, wherein said temperature is about 4±2 degrees 
centigrade. 

15 

4. The formulation of any of claims 1-3, wherein said buffer has a pK in the range of 
pH 4.5-6.5. 

5. The formulation of any of claims 1 -4, wherein said toxin formulation is stable in 
20 liquid form for at least two years. 

*\ 

6. The formulation of any of claims 1-5, wherein said buffered pH range is about pH 
5.6+0.2. 

25 7. The formulation of any of claims 1-6, wherein said buffer is selected from the 
group consisting of phosphate buffer, phosphate-citrate buffer, and succinate buffer. 

8. The formulation of any of claims 1-7, wherein said botulinum toxin is a botulinum 
toxin serotype selected from the group consisting of serotypes A, B, C„ C 2 , D, E, F and 
30 G. 
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9. The formulation of claim 8, wherein said botulinum toxin is botulinum toxin Type 
B present at a concentration in the range of about 100-20,000 U/ml. 

10. The formulation of claim 9, wherein said botulinum toxin Type B is present at a 
concentration between about 1 000-5000 U/ml. 

1 1 . The formulation of claim 9 or claim 10, wherein said botulinum toxin Type B is 
present in a high molecular weight complex of about 700 kilodaltons (kD). 

12. The formulation of claim 8, wherein said botulinum toxin is botulinum toxin 
Type A, present at a concentration in the range of about 20-2000 U/ml. 

13. The formulation of claim 12, wherein said botulinum toxin Type A is present at a 
concentration in the range of about 100-1000 U/ml. 

14. The formulation of any of claims 1-13, which further includes an excipient 
protein. 

15. The formulation of claim 14, wherein said excipient protein is selected from the 
group consisting of serum albumin, recombinant human serum albumin, and gelatin. 

16. A stable liquid pharmaceutical botulinum toxin formulation, comprising 

a phaimaceutically acceptable liquid buffer capable of providing a buffered pH 
range between about pH 5 and pH 6, and 
isolated botulinum toxin; 

wherein said toxin formulation is stable as a liquid for at least about 6 months at a 
temperature between about 1 0 and 30 degrees centigrade. 

17. The formulation of claim 16, wherein said temperature is about 25°C. 
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18. The formulation of any of claims 16-17, wherein said buffer has a pK in the 
range of pH 4.5-6.5. 

19. The formulation of any of claims 16-18, wherein said buffer is selected from the 
5 group consisting of phosphate buffer, phosphate-citrate buffer, and succinate buffer. 

20. The formulation of any of claims 16-19, wherein said buffered pH range is about 
pH 5.6±0.2. 

10 21. The formulation of any of claims 16-20, wherein said botulinum toxin is a 

botulinum toxin serotype selected from the group consisting of serotypes A, B, C„ Cj, D, 
E,FandG. 

22. The formulation of claim 2 1 , wherein said botulinum toxin is botulinum toxin 
1 5 Type B present at a concentration of about 1 00-20,000 U/ml. 

23 . The formulation of claim 22, wherein said botulinum toxin Type B is present at a 
concentration in the range of about 1000-5000 U/ml. 

20 24. The formulation of claim 22 or claim 23, wherein said botulinum toxin Type B is 
present in a high molecular weight complex of about 700 kD. 

25. The formulation of claim 21, wherein said botulinum toxin is botulinum toxin 
Type A, present at a concentration in the range of about 20-2000 U/ml. 

25 

26. The formulation of claim 25, wherein said botulinum toxin is botulinum toxin 
Type A, present at a concentration in the range of about 100-1000 U/ml. 

27. The formulation of any of claims 16-26, which further includes an excipient 
30 protein. 
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28. The formulation of claim 27, wherein said excipient protein is selected from the 
group consisting of serum albumin, human serum albumin, and gelatin. 

29. A method of treating a patient in need of inhibition of cholinergic input to a 
5 selected muscle, muscle group, gland or organ, comprising 

administering to the selected muscle, muscle group, gland or organ of the patient a 
pharmaceutical^ effective dose of a liquid botulinum toxin formulation according to any 
of claims 1-28. 

10 30. The method of claim 29, wherein said patient is suffering from a disorder 

selected from the group consisting of spasticity, blepharospasm, strabismus, hemifacial 
spasm, dystonia, otitis media, spastic colitis, anismus, urinary detrusor-sphincter 
dyssynergia, jaw-clenching, and curvature of the spine. 

15 3 1 . The method of claim 30, wherein said patient is suffering from spasticity due to 
one or more of the group consisting of stroke, spinal cord injury, closed head trauma, 
cerebral palsy, multiple sclerosis, and Parkinson's disease. 

32. The method of claim 30, wherein said patient is suffering from a dystonia 

20 selected from the group consisting of spasmodic torticollis (cervical dystonia), spasmodic 
dysphoria, limb dystonia, laryngeal dystonia, and oromandibular (Meige's) dystonia. 

33. The method of claim 29, wherein said selected muscle or muscle group produces 
a wrinkle or a furrowed brow. 

25 

34. The method of claim 29, wherein said muscle is a perineal muscle and wherein 
said patient is in the process of giving birth to a child. 

35. The method of claim 29, wherein said patient is suffering from a condition 
30 selected from the group consisting of myofascial pain, headache associated with 

migraine, vascular disturbances, neuralgia, neuropathy, arthritis pain, back pain, 
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hyperhydrosis, rhinnorhea, asthma, excessive salivation,, and excessive stomach acid 
secretion. 

36. The method of any of claims 29-35, wherein said patient is refractory to 

5 botulinum toxin serotype A and said botulinum toxin in said formulation is selected from 
the group consisting of botulinum toxin serotypes B, C„ Cj, D, E, F and G. 

37. The method qf claim 36, wherein said botulinum toxin in said formulation is 
botulinum toxin Type B. 

10 

38. The method of any of claims 29-35, wherein said patient is refractory to 
botulinum toxin serotype B and said botulinum toxin in said formulation is selected from 
the group consisting of botulinum toxin serotypes A, C„ C 2 , D, E, F and G. 

15 39. The method of claim 38, wherein said botulinum toxin in said formulation is 
botulinum toxin Type A. 

40. The use of a stable liquid botulinum toxin formulation according to any of claims 
1-28 for the manufacture of a medicament for use in treating a patient in need of 

20 inhibition of cholinergic transmission to a selected muscle, muscle group, gland or 
organ. 

41. The use according to claim 40, wherein said patient is suffering from a disorder 
selected from the group consisting of spasticity, blepharospasm, strabismus, hemifacial 

25 spasm, dystonia, otitis media, spastic colitis, anismus, urinary detrusor-sphincter 
dyssynergia, jaw-clenching, and curvature of the spine. 

42. The use according to claim 41, wherein said patient is suffering from spasticity 
due to one or more of the group consisting of stroke, spinal cord injury, closed head 

30 trauma, cerebral palsy, multiple sclerosis, and Parkinson's disease. 
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43. The use according to claim 41, wherein said patient is suffering from a dystonia 
selected from the group consisting of spasmodic torticollis (cervical dystonia), spasmodic 
dysphoria, limb dystonia, laryngeal dystonia, and oromandibular (Meige's) dystonia. 

5 44. The use according to claim 40, wherein said selected muscle or muscle group 
produces a wrinkle or a furrowed brow. 

45. The use according to claim 40, wherein said selected muscle is a perineal muscle 
and wherein said patient is in the process of giving birth to a child. 

10 

46. The use according to claim 40, wherein said patient is suffering from a condition 
selected from the group consisting of myofascial pain, headache associated with 
migraine, vascular disturbances, neuralgia, neuropathy, arthritis pain, back pain, 
hyperhydrosis, rhinnoihea, asthma, excessive salivation, and excessive stomach acid 

15 secretion. 

47. The use according to any of claims 40-46, wherein said patient is refractory to 
botulinum toxin Type A and said botulinum toxin in said formulation is selected from the 
group consisting of botulinum toxin serotypes B, C„ Q, D, E, F and G. 

20 

48. The method of claim 47, wherein said botulinum toxin in said formulation is 
botulinum toxin Type B. 

49. The use according to any of claims 40-46, wherein said patient is refractory to 
25 botulinum toxin Type B and said botulinum toxin in said formulation is selected from the 

group consisting of botulinum toxin serotypes A, C„ D, E, F and G. 

50. The use according to claim 49, wherein said botulinum toxin in said formulation 
is botulinum toxin Type A. 
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